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10. NOTE OX THE MOKl'HOUXiV AND ENDOTROI’IHC .MVCOR- 
lailZA OF RIITZANTIIELEA CAK'DNERI, ROGERS, AND 
CERTAIN OTHER’ WESTERN AUSTRALIAN ORCHIDS. 


(With Three Platea, X., XI., XTI.) 
By 

H. A. Pittman, B.Sc.Agr. 


(Read I December, 192S. Published 22nd April, 1929.) 

(1) Rhizanthella Gardner!, Rogers. 

As has been shown by Rogers and Oai dner in a recent number of the 
Proceedings of this Society,* the \’egetative jiortions of this orchid are 
entirely subterranean. The [ilant is oomi>osed of a branching, roughlj^ 
cylindrical, whitish rhizome, without roots. At the infretiuent and faintly 
marked nodes occur short btit wide-based white to dingy-coloured scales. 
'I’he growing point jwoduces a lai’ge bud which e\'entually expands into a 
bracteate oapitulum of numerous small flowers. ’I'he lateral branches of 
the rhizome also each terminate in a flower-bud, but tend to bo much nar- 
rowei-, more elongated and more thickly covered with bracts than the main 
or aiucjal flowering stalk. The largest ihizome yet seen was about tliree 
inches long by one inch in diameter with lateral branches up to about four 
inches long by one quarter inch thick. 

No portion of the yJant has any ch]oro])hyll de\'eloi)mcnt (or indeed the 
dm-elopmenl of any pigment whate\'er with the exception of the capitulum 
hract.s and the flowers thejnsel\'e.s which may .show .a faint yjurplisli colour 
especially on exymsure to light). S\q>plies of organic matter must therefore 
1)0 ol)tained in an already at least partially elaborated form. 'Phis is achieved 
through the agency of a mycoiThizal fungus on wliieh the orchid must he 
considered to be parasitic. 

A,1 though det oid of roots the rliizome is fairly thickly covered towards 
tlie distal end with thick-based hahs which serve as a. means of entry and of 
(^xit for the endotro]>hic mycori’hiza. Each of these hairs has a long, cylin- 
di'ical, filamentous thin-walled a|)ical coll and a large, wart-like multicellular 
l)a.se. (Fig. (i, Plate XII.) 'I'he rhizome has no well marked protective or 
strengthening tissues external!v but simply a thin-walled, small-celled epider¬ 
mis. Immediately within the epidermis lies the ground tissue in which 
occur a variable nuniber of small \'ascular bundles. In certain inateiial 
examined the r'asculars were arranged at wide internals in a circle (Fig. 
2, Plate X.), but in other rhizomes the vasculars were scattered about 
through the ground tissue in the normal manner characteristic of niono- 
cotyledonous stems. In the somewhat limited amount of material available 
for examination, no starch could be found within the tissues but consider¬ 
able numbers of fat or oil droyis were y)resent in the perii)heral cells 
oceujiied by the fungus. 

With the exception of the ei)idermi,y, the outermost cells to a depth of 
about ten cell lavei-s contained an endotrophic mycorrhiza. ( Fig. .‘i, J’late XI.) 
Inmost of the material the fungus occurred all around the ].eriphery of the 
rhizome, but in some ca.ses the invaded tissue did not constitute a completely 
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contimious Ijaiicl, being broken at inter^'ala by small patches of uninfected 
cells. Infection iippears to take ])lace through the lumina of the filamentous 
apical cells of tlie thick-based hairs before mentioned. Xot all of these a]'>ical 
cells contained the fungal filaments but in the majority a number of hyi)hae 
occuiTed. These ran more or less ])aral]el to one another and branched 
jnfrecjuently. The liyphae in Ihe^c i ‘11s had not become entangled, but 
had remained distinct from om r.uother. In the cells at the base, lioweA'er, 
they Jiad become so much l)ranched and so densely tangled together that the 
leases of the hairs ap])(‘ared to the naked eye as minute black dots or sclerotia 
on the surface of the rhizome. (Tig. fi> Plate XI1.) No case wa.s seen where 
the fungus had entered or loft the ])lant excey)t tlirough the aju'cal cells 
of the thickbased hairs. 

l>oth iji the apical cells of the hairs and in the cells of the ground tissue 
the fungus was markedly septate iPig- Plate XI.), and could ))e seen 
brandling very obviously at right ajjgles. In unstained sections the fungal 
hy])hae and tlie amoi'phous masses into ^\'hich they eventually degenoi-ate 
had a golden to brown coloui*, and the general a])|)earanc(' of t he hy|)ha.e 
strongly suggested a si)ecies of Rkizortoaid. 

In the innermost two oi' three rows or so of inx'aded cf^lls in the material 
(‘xamined, the fungal hy])ha 0 had become closely clunij)ed togc’tlu^r a.nd liad 
])assed into an amorphous golden-brown deei>ly staining mass to which the 
enlarged and dec])ly-staining nuclei of the host cells could oftc'u be seen 
closely a])phed. (Tig. f), Plate XTI.) The s])ecimens exaiuined had not 
fioworcd and in the majority of the infected cells tlie fungal hy])ae wei*e 
winding \^ery much about one another, branching frecjuently at right angles 
and closely enclosing the disorgani>;cd host nuclei. The fungus was wholly 
intracellular and consecjuently no arliuscles or sporangioles were ])resent. 
Xo v(\sicles or s])ore like liodies were obserx^ed within the host cells. \\Tie]*e 
thehy]>hae came into contact xvith the Jiost walls in ]iassing through the 
tissues tliey had commonly foiaiu^d swollen apj ressorium-lil o structures 
from each of which a x cTy luirrow ])eg-like pi'ocess had grown out to i)enetrate 
the host wall. On the other side of the xvall the hyphae had regained th(‘ir 
normal dimensions (Pig. 5. Plate XIT.) 

Attempts were made on sex'eral occasions to isolate the n\ycorrhizal 
fungus and on each occasion a jairticular s] ecies of A was obtained. 

The growth characters on cult m e media with the exce])tion of the colour of 
the mycelium closely resembled the ty])(^ of mycelium found in the orchid. 
Mature seeds or uninfected rhizomes of the higher ])lant were not available, 
hoxx'ever, for infection experiments, and tlie relation or otiierwise of the 
isolated fungus to the niycorrhizal condition is not known. A x'ery suitable 
staining coml^inatioii for tlie study of the mycorrhiza of Ehizanthclla is Niglit 
Hlue or Cyanin followed by Acid Tuchsin after fixing in Tlemming's wealcer 
solution. 

(2)—8()MU ()'rHr:K Terkestriai. WTistern Ax^s^rRAuiAx (Irohios. 

As a matter of interest and for i)ur[>oses of com])arison certain oilier 
Western Anstralian orchids were examined. Those included ('aludmia 
jlava K.Br., C. l^ttcrsoni R.Th’. ^^ar. lon(ficcm(l(t (kiudl.), Rogers, (\ (fcmmatfi 
Lindh, C. sericea Lindk, PterosfyUs turfosa Kndl., rrasophyllum fimhrin 
Reich!)., Diurh lomjifolia R.Rr., Lyppvarthvs niyrlcar.s^ R.Ih*., Ihelymifra 
crinita land!, and T. lonqifolia Torst. .VI! s])ecimens were examined xx’hen in 
flower. 
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(a) Caladenia species. 

As stated in Bentliain’s "" F I o r a A u s tr a lie n sis'' tiie Caladeiiias 
are terrestrial herbs with sirmll tiinicated underground tubers. Below the 
ground level the downward prolongation of Ihe dowering axis can often b(^ 
traced vertically to a depth of about three or four inches, at about which 
point one or more later ally-borne tubers are (‘onnrionly foujid. These 1 ul)ers 
on sectioning are found to show the scattered vascular arrangement and 
general stnicture tyj^ical of inonocotyledoiioiis steins. Meyond the point of 
attachment of these tubers the axis ap])ears to he more or less horizontally 
and often increases in diameter as it is traced ))ack\\'a.rds to a point wlieie 
a further structure occairs whicli is apparently tJie original or jiarent tuber. 
In certain material of C. J'atersoni \dY. lomiicdUcUj , small roots arose from 
the i)oint of attacliment of the a.xis to the i)a.rent tuber. Aiiart from these 
small roots which may arise at the junction of the parent tuber and the axis 
of the new plant, no other roots seem to be formed. 

It would be ex])ected from the method of derivation of the main axis 
(arising as it does from a true stem-tuber) that the underground ])ortion would 
ha\ e the structure of a stem. On sectioning, however, the anatomy is cou)- 
monly found to be more like that of a root or at the least 41 much-moditied 
stem. There is a thin-W4jlled e|)idermis within which is a fairly exteiisive 
cortex region which is \'ery obviously delimited from the vascular cylinder 
by 4Ui endoderrais of one oj* more rows of cells (Big. 1, Plate X.). The 
endodermal cells are made very ob\'ious in either transverse or longitudinal 
section on account of the ])resence of large, liranched, spiral thickenings. In 
the material of (\ Patersoai var longicauda there was a four or more rowed 
endodermis ; C, (jemmaia luid tA\'o to thrcM' rows ; C. fiava had two rows, 
wliile C, had one. {(K flcmt ditfered very markedly from the other 

species mentioned by ha\ ing \ory large semiciicular thickenings on the 
radiiil walls of the epidernnil cells), in tlie material of C. [lava the vascular 
cylinder luid A'ery much the structure of 41 woody dicotyledonous stem. 
Thei-e were some five or six se])arate ^'ascul^lJ* bundles airanged more or 
less in cucular fashion around 41 well-marked ])itli.’' The xylem elements 
Mere large <uid thick-w^alled while the i)hloem tissues were small celled 
4ind thin Wtilled, and air;iiiged in Jiiuch the same manner as in a woody 
dicotyledonous root or stem. Jii C. serioea the \ asculars were much more 
scattered and had more the arrangement of a typical monocotyledonous 
stem than in C, flava, 

1.he exterior of the underground stein in all the Cakideihas examined 
showed numerous multicellular wart-like hahs very much like those met 
\vith in MhizantheUa . They had this ditference, lioweA'cr, that instead of 
mer<^ly a single elongated a])ical cell to each ])rotul)eranc 0 (41s in HIdzanfhcUa) 
the majority laid a mwfhcr of long filamentous cells ])rodncod liy the outward 
]>rol()iigation of as many teriniiial cells. (Big. h Plate X.) These ]irovided 
the sole nieans of entrance and of exit for the mycoiTlii/al fungus which 
occurred in the cells of the cortex. Jn all tJie material excuniued the fungus 
was in the amorphous condition in the whole of the cells occupied wdth the 
exce])tion of those of the hairs. (Big. 1, Plate X.). No fungus was found in 
the tubers. 

A i)ecnliar feature of tiie underground portions of the Baladeaias 
examined is the p<KssessioJi of 41 continuous brown sheath formed from organic 
matter, interwoven 4p)ical (‘oils of the wm-t-lilve hau\s, fungal h}'t>hae, sharp- 
pointed spiral rods and certain peculijir uet-lilce thickenings vTiich appear 
to originate in the swollen portion of the stem immediately in advance of the 
old parent tuber. The sheatli is very cibsorbent of moisture and nuiy ser\e 
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the |)ur|) 08 e of keeping the underground pai tB of the ]>Janb nioist during i )eriods 
of coin]>arative soil drynesB. Although it i.s closely ap]>]ied to tlie under¬ 
ground stein it i.s (juite distinct from it, except in the lower regions whicli lie 
hetwe^en the oUl and thc» new tul)ers. The .sheath can he readily removed 
from the stem id>o\'e the new tuber.s without causing any damage to the plant 
tissues exce])t for the l)reaking of many of the filamentou.s cells of the thick- 
)>aHed Jiairs. 

(I>) Pterostylis turfosa. (Bird Orchid.) 

'I'lie si)(‘cimens of this orcliid each had a .sniall rounded tul)er .situated 
an iueli or S(> below the ground le\H^I from Avliich arose a vertical underground 
st(‘in. TJie imdergi-ound .stem gave rise to a new tuber at a]>])roximately 
the le\'el of the old one and l)oi*e a nnmlser of small horizontal lateral roots 
at various points ])Otweon tlie tubers and the groin id level. Ko fungus was 
found in the roots or tuber.s examined, but tlie undorground stem eojitainc'd 
an intraeellular fungus in considerable quantity. 'I lie stem |»elow the ground 
level lias large wart-like muJticellubir liairs, eaeji with a niiml>eT of elongated 
a])ica.l cells as in the ( hladenias. Numerous vascular bundles oeciiiTed irj'egu- 
larly scattered tlirough tJie central ])ortion of the .stern. The fimgu.s oecnrred 
intraeellularly iji tlie coi*tieal region. f'lingal hy])hae passed down the api<*al 
cells of the wart like hairs into the soil. 

(c) Prasophyllum fimbria. 

J^^ach specimen had a number of long, more or le.ss, horizontal roots 
(leveloi)ed from tlie base of the lloworing stem at the same region as the new 
tubej' was produced. The new tuber was white, globular and conii>arativeiy 
smooth walled, wliile tlie old one was browji in colour, very hairy and fluted 
with a nmul)ej’ of dee|) depre.ssiou.s. No fungus was found in tJie young or 
old tu))ors but a. fungu.s oceurred in tlie roots. JJoth young and old tubers 
contained abundant sta.rcji (staining ri'd-lirown with iodine) and jiossessed 
a well-defined stem structure. The roots sliowed a Jarge-eclJod, tliin-waHed 
(epidermis, an extensive cortex and only a sma.M ^'ascnlar region. The eh- 
dotrot>liie myeoiTliiza was (uily present a short ilistance into tJie (*ojtex in 
most cases but oecasionallj' ('xlended in jiatclies to tlie boundary of the 
^'a.seular cylinder. 'Die root hairs wi?re simpjo outgrowths of tlie ejnrieriual 
cells and provided a means of invasiou foi* the fungal symbiont. 

(d) Diliris longifolia. 

f]ac]i s])Ocimen luid a uum])er of long thin roots de\'eloped from the base 
of the flowering stem. It also ))ore long, white, fleshy tuberous roots. These 
tuberous roots showed no fungal inhabitant ])u1 m;\corrhiza occurred in tlie 
narrower roots in great aliiindance. The tuberous roots we^re .similar iji 
struclui’e to the smallo)* roots l)ut had a iimcli larger cortex. The root liairs 
wt^re normal on both tyqies, and in tlie ease of tlie in\'a.ded roots ])ro^ided 
a readily avaib'd-of means of entrance for tlie a.ssociated fungal inhaliit ant. 
No tubers were seen. 

(e) Lyperanthus nigricans. 

h^acli s])ecimeu of Lypiravthufi nigricans had a stont \XTtical under¬ 
ground stem with numerous elongated narrow rool.s coming off laterally. The 
roots (‘xamined contained a somewhat s('anty amount of a fungal symliiont. 
The ondiKkTinis was ^'ery noticeable in tJio roots and WHs.cum])os(‘d of very 
large, a.ugular, thiek-walled <m41s. The root hairs m^oio normal and jirovided 
passage vviys for tlio mjcoiTliiza.. Sections of the imderground stoin shuMxd 
Jio fnngns. 









MoRPHOLOQY, BTC., OF RmZAXTHBLLA GaRDNBRI. 
VoL. XV., 1928-29. 


(f) Thelymitra crinita. 

1 his orchid produces a number of more or less closely wliorlod, browiiisli, 
fleshy roots and a large wliite sub-cyliiidri(‘al or pyriform tuber in a position 
closely adjacent to that occupied by the old one. ]Mierosco]>ic examination 
of roots revealed the [>resence of intracellular endotro[)liic inycorrliiza in 
considerable abundance a,nd extending in some cases into the region of the 
faintly-marked endodermis. The root hairs were normal and many con¬ 
tained the mycorrhizal filaments. X’o fungus was ])resent in eitlier the new 
or the old tubers. A i^ecnliar feature of the tubers was tJie absence of \'as- 
culars from the bulk of the tissue. AVhat vasculars did occur were \'ery small, 
few-celU'd, a.nd located in a circular fashion In a coutiihftons ritnf of 

iSerrnt/ rotes o/ small otorv or less oh/onff or ovoid veils. TJiis ring completely 
siiri'ounded a well-marked ])ith.'’ Outside the ring the par<Michyma.tons 
cells in tlie young tubers were dejisely ]>acked witJi starcJi (staining red-brow'n 
with iodine), but tlie cells of the “ pitli,” were devoid of starch. 


(g) Thelymitra longifolia. 

l^iXcept for minor ditferejices tlie anatomy and my('orrhi/a. of the roots, 
and the anatomy of tlie tiil.)ers of T. lovifijoUn was as descrilaal ahoxc^ foi* 
1\ criniia. 


* 


* 


* 


It is ijiterestiiig to not(' llia.t m\coj-rhi/.a was found in some portion of 
all the oreliids exarninecl, Init ne\'er in the tvibei’s or otlier vegetati\'e propa 
gat ing organs except in IllLizanilnlla (wliere a i*hizome is the only ^■egetati^ i* 
structure produced). Moi’eovor, it will be obserAed tJiat in all eases tJu* 
myc(aTlu/a was strictly inti*a(‘elluiar, and in no single instaneo was tJie fnngal 
inhabitant seen to enter or leaxe the ])lant infeeh'cl cxce]>t t]a*ough the Inmina 
of hairs produced either on llie roots 07 oji the stems, hi llhizaotlo Iht. ('ah 
advnia and Plvrosti/lis special Jiair stjaierures seeiii to have been (^\'ol\ed 
on tlu^ sterns to ensure more adecpiatc' and certain iji\'asion by tlie fungal 
inhabitants. Ixhizanthvlla is an exam])Ie of an orcliid which is iMitirely 
dependant foi* its snstenaiice on the fungus with whioli its \egelati\'e parts 
are int i ma tel y j issociated. 

In ('onclusion it must be stati'd tliat this iiote does not ])i’eti'nd to have 
more than skimmed tlie surface of the subjects dealt with. A complete 
study <»f the luorjihoIogN and jiiycoirhiza of any particular s]>ecies inentioiied 
above would take mucli more time than tJie writer has Ix^eii able to giv(' to 
the whole groirp listed. As regards th(' indigenous orchids of Westeivn X.us- 
tralia the held is so far unexploi*ed and much of intense interest awaits the 
future ijros]>ector. Tliese lines will liave sei'ved theii' i)nr]n>se veil if they 
simply bi'ing to the notice of students of nature a field of researcli as yet nn- 
traversed and well woidhy of close investigation. 

I\Iy thanks are due to M\\ C. A. (lardner, Assistant llotanist, Dejjart 
ment of Agriculture, foi' identification of tlie sp(‘cies exaauined, and to 
\\\ M. (Who, bi-esident of tJiis Society for provision of tlie material, kindly 
assistance in every way, and lieljiful criticism. 
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l-]XI>J.AXA'I'ION' ()V I>LA'I’lOS. 

I’l.ATK X. — F /</. I ; 1\S. of uiHl(Tgi*onn(l i)orti()ii of stoin of (\(l<i(l< }Ha jlavn 
K. r>j*. Xoto niycorrJii/.ci in tJie amorpJious coiulition 

in tlie cells of the cortex, ])iit in the filanientoos condition 
in tlie basal and apical cells of the wart-like Jiairs. Xote 
also the two-rowed endoderniis witii s])ii*al I hickejiings. 
A, wart-like hair ; Ih apical cell containing fungal fila- 
rnejits ; (', apical cell witJiout fungal filaments. 

Fl(f. 2 : T.S. of i*)ii/ome of IkhizunthcWf (Uirdiieri, lvog(‘j*s. 
Xb. Xote N'ascular biuidles arranged iji a riiig. Xole 
also ainorpiioiis fungal jnasses in tJie cells aroiuid tJie 
]>ei ijilieral i*egion. -V, wart-like luiir with single long 
h!a.mentous apical cell wJiich |)rovides a ])assage-way for 
the mycorrliiza. i]i in\Mdiug or leaving tlie host. 

I’l.A i’i-: XI. riif, : T.S. oF rhizonu' of lihizaHthvlhi (I'lrdnod. X2b. 

.A., warl-like haii* with l)roken filanuaitous a.pical cell con¬ 
taining fungal liypliae ; lb rc'gion containing fungus in 
tlie filamentous condition ; (\ in^gion containing fungus 
in tJie amorphous condition: I), \'ascular biuidle. 

h^tg. 4 : T.S. of i*]iizome of ll. (Idvdiieri sJiowing seiitate fungal 
filaments in tjie single a])ical cell of a. thick-based liair. 
X KMf. ('Diis Jiaii- has a longcu* ba»se and a. shortei* apical 
cell tJian is usual.) .V, fungal filaments in liost colls chist^ly 
su.i*rounding the liost nuclei. 

Ih.ATi:XII. Fig, 5: T.S. of liiizome of Rhizcniihvlla (UiydMvri. X 2‘h). 

X'oti^. t)i(> mucli braaiclied septa-t(^ hyjihai' and t h(^ am- 
or])hous fimga.1 masses. A, mudi (‘iihu'ged deeply-stainiug 
nuck'us of host (‘ell closely apiiri^ssed to an amoi-phous 
fungal mass. The nucleolus is dc’cply staiiu'd. Stain: 
X^ight I>lue and >Vcid kuscJiin following klemming’s wca.k(;r 
fixati\*e ; l>, (’ell in which fungus is dominant. Xaite 

smallness a.nd disorganisation of the host nucleus. C, 
Hypha iiassing through wall of host cell. X'oto ])(^g-like 
yirocess ])assing through the host wall. 

Fig, <) : (’oiujilete- thi(3k-based hair of H, (dirdvcri, XbO. 
Xote fungal hy|)hae within the lumen of tJie lilamentous 
a.pica.l (*ell. X’oto also d('ns(uiess of tJu^ enta.ngl(‘d hyjihac 
in t h(> mult i-celhilar bas('. and at tlie t ip of t he a.pical cell. 


All (ha,wings wei*e ma.de with the aid of a camera luc'ida. 





Joi iL Pvov. Sor. Wkstekn Aus'i’kama, XV. 



1.—''rrn iisvi'rso (if round portion of shun of 

Calddciiid fhird. X 3o. 

2.—Transvi‘rs(‘ siu'tiou of rliizo’iK* ol 
j^tii:d)\ tlit'lld (idrdId ri, X (>, 
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PLATE XL 



--'i’i*.-insvcr.‘(‘ s(M*ii()i) of |•)li/ol))(. of lUiL(‘iiihcUa (hirdupri, X 2 

•*'>*• •• Ls. of /;. Cardncru showing fun^’al tilniiients in apir 

‘•‘‘U of' a Tliick-l>aso<l hair. X 100. 
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PLATE XII. 



Fig. f).—Transvt'rsi' section of rliizonie of TihizmUhelUx (Utrdneri. X 230. 

Pig (i._Complete tliick-based hair of P. Gardneri, showing nnmerous fungal 

filaments within if and also protruding into the soil. X 50. 


By Authority : Fhkd. Wm. Si-MPSON, Government Printer, Perth 




























